The Co-ordination polyhedra which are solutions of the packing and covering problems on a spherical surface generate 5, P and D linear combinations in a sequential fashion which emulate those on the central atom. It follows that the Noble Gas Rule, the isolobal analogy and related generalisations can be reformulated in a quantum mechanical fashion which has precise stereochenical consequences. For example, compounds which conform to the Noble Gas Rule can be described in terms of complementary sets of ligand and metal wave functions which when taken together have a net angular momentum of zero. The model can also be extended to 16, and 14 electron situations using the particle on a hemisphere and particle on a ring solutions to the Schr8dinger equation.
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For example, compounds which conform to the Noble Gas Rule can be described in terms of complementary sets of ligand and metal wave functions which when taken together have a net angular momentum of zero. The model can also be extended to 16, and 14 electron situations using the particle on a hemisphere and particle on a ring solutions to the Schr8dinger equation.
The great strength of the model is that it can be extended to cluster compounds which contain interstitial atoms.
For example, cluster compounds of gold of the general type [Au(AuPR3)] have molecular orbital characteristics which can also be expressed in terms of a spherical harmonic expansion.
Consequently co-ordination compounds and high nuclearity cluster compounds with interstitial atoms both conform to the same type of electron counting rules.
Furthermore this mode of analysis can be extended to high nuclearity cluster compounds where the metal atoms lie on successive shells. It is always the bonding preferences of the inner atoms which determine the preferred close shell requirements.
For cluster compounds where tangential bonding effects are important and in co-ordination compounds where u-bonding makes a significant contribution it is necessary to take into account the vector surface harmonic solutions to the particle on a sphere problem. The additional bonding molecular orbitals generated from the vector surface harmonics are particularly important for lower nuclearity clusters and complexes containing it-donor ligands.
INTRODUCTION
The renaissance of inorganic chemistry since the 1950's has owed much to the more general availability of X-ray diffractometers and n.m.r. spectrometers and the development of computer hardware and software to handle the vast amount of data which they produce rapidly.
The structural characterisation of co-ordination compounds in the solid state and solution is often therefore no longer the rate limiting step in the development of a synthetic research programme. This role has been taken over by the discovery of satisfactory synthetic procedures and the isolation of single crystals suitable for the diffraction experiments. The structural data accumulated in the last three decades on co-ordination compounds has undermined the elegant simplicity of Werner's stereochemical conclusions based on rigid octahedral and square-planar co-ordination geometries.
Modifications in the electronic, steric and chelating capabilities of ligands have led 145 to the structural characterisation of complexes with co-ordination numbers up to 12 and for each co-ordination number a wide variety of co-ordination polyhedra. The complexity of the stereochemical problem in co-ordination and cluster chemistry briefly outlined above poses a tremendous challenge to our current valence theories. The development of high speed computers and the application of rigorous m.o. methods to valence problems have had much less of an impact than for example in organic chemistry. Indeed much of the insight into bonding problems obtained during the last ten years has not arisen from this approach, but rather from the combination of simple theoretical ideas with either group theoretical or perturbation theory concepts.
In particular one can cite the following generalisations which have had a major impact on the stereochemical problem. These alternative approaches for explaining the bonding in inorganic compounds can be unified by the Complementary Spherical Electron Density Model since they share in common an evaluation of the angular aspects of the quantum mechanical problem. Central to each approach is the recognition that the angular parts of the wave functions as expressed in spherical harmonics play a dominant role in stereochemistry. In this paper it will be demonstrated that the ligand linear combinations can also be expressed as spherical harmonic expansions thereby simplifying the quantum mechanical analysis.
TOPOLOGICAL REPRESENTATION OF COORDINATION POLYHEDRA
It is common practice to define the stereochemistries of complexes in terms of idealised co-ordination polyhedra, but for reasons which will become apparent below it is also useful to define the topology of the ligand ensemble in the following manner: In the spherical topology the ligands are capable of generating linear combinations which emulate in a 1:1 fashion those of the wave functions of the central atom .
Each of the topologies (b)-(d) represent sub-groups of the spherical situation and consequently although their wave functions can still be represented in terms of those for the spherical situation the descent in topology results in a discarding of some of the spherical wave functions. This descent in topology therefore has important stereochemical consequences, which will be discussed in detail below.
SPHERICAL COORDINATION COMPOUNDS
The derivation of the linear combinations of ligand orbitals ,
., in a co-ordination compound using group theoretically based projection operator techniques is well documented = Y (e.,q.) a.
This assumes that the linear combinations of ligand orbitals can be satisfactorily expressed as solutions to the particle on the sphere problem whose wave functions are
given by the spherical harmonics 1 m 0, q ) summarised in Table 1 . The coefficients C.
are given by the evaluation of the 'spherical harmonic functions at the ligand positions and as defined in spherical polar co-ordinates, i.e. 1 m 0i' '(1O5/4) cos 0 sin2 0 cos2 \/(TiJ.74 cos0 sin20 sin2
For m > 0
The advantage of this mode of designating the linear combinations is that they can be assigned "pseudo-spherical" qunatum numbers L and m and therefore it becomes a simple matter to qualitatively evaluate their interactions with the valence orbitals of the central atom which are also expressed in terms of spherical harmonics, i.e.
'Y(r, 0, ( ) = Rn 1(r). Y1 m0'
Although the L and m quantum numbers are no longer strictly valid in a co-ordination compound because it has less than spherical symmetry, they do accurately represent the nodal characteristics of the ligand linear combinations. It is these pseudo-spherical symmetry characteristics which determine the overlap preferences between the ligand and metal orbitals.
In particular if differences in the radial parts of the wave functions are neglected then ligand linear combinations and metal orbitals with matching L (1) and m quantum numbers have much larger overlap integrals and contribute most to bonding. In particular it can be shown (ref. 17) that only ligand polyhedra which represent solutions to the packing and covering problems on a spherical surface generate S , P , and D functions in a fashion which emulate the spherical harmonic wave functions of the central atom. These polyhedra are summarised below in Table 2 . Tricapped trig. prism Capped Square Antiprism
The manner in which these polyhedra generate S°, p°, and DJ ligand linear combinations is illustrated in Figure 1 .
Other general classes of polyhedra, e.g. three-connected polyhedra and bipyramids, are less spherical and generate F" linear combinations before the if' shell is completely filled because they have atoms located on the nodal planes of the If functions. These polyhedra are not generally adopted by transition metal complexes because the F functions are not matched by the valence orbitals of the central atom. 
COMPOUNDS WHICH CONFORM TO THE NOBLE GAS RULE
Those compounds which conform to the Noble Gas Rule adopt the polyhedra in Table 2 and have filled d orbitals which precisely match the vacancies in the D shell of the linear combinations. The complementary nature of the ligand linear combinations and filled metal orbitals which result in the attainment of a pseudo-spherical electron distribution based on a total of 18 valence valence electrons and effective net angular momentum of zero are illustrated in Figure 2 .
The examples of compounds which illustrate these complementary interactions generally have hydride or ar-acid ligands co-ordinated to the metal. This ligand dependence arises from differences in the radial distribution functions of the nd, (n+i)s and (n+1)p valence orbitals. Since the nd valence orbitals have maxima in their radial distribution functions relatively close to the nucleus only ligands which can achieve short netal-ligand bond lengths can involve them sufficiently in bonding for this generalisation to be valid. Hydride achieves this be virtue of its size and it -acid ligands by means of multiple bond formation which shorten the metal-ligand internuclear distances.
COMPOUNDS WHiCH DO NOT CONFORM TO THE NOBLE GAS RULE
Ligands which are capable of forming strong multiple bonds witn the metal by it -donation effects also involve the metal d orbitals extensively in bonding, but since these ligands are generally more electronegative than the metals the bonding components of these interactions are mo5e localised on the ligands. Consequently these complexes are generally Table   3 .
Often the bonding in such complexes has a considerable electrostatic component and the adoption of a spherical polyhedron reflects a minimisation of ligand repulsion effects.
Complexes with fewer than 18 valence electrons are far more numerous than those which exceed the Noble Gas configuration. NON-SPHERICAL COORDINATION COMPOUNDS Figures 3 and 4 illustrate the solutions of the Schrödinger equation for the particle on a hemisphere and the particle on a ring. These are illustrated in the bottom half of Figure 3 .
The alternative boundary condition of '1' =0 at 0= ç/2 permits only those spherical harmonics with 1 ÷ m = odd as solutions. This condition is appropriate to complexes where the ligands are all clearly in one half of the sphere and the electron density is zero at the rim. The two sets of wave functions are orthogonal and when taken together regenerate the complete set of spherical harmonic wave functions. Consequently the l+m = odd functions are illustrated in Figure 3 for the upper (Northern,N) hemisphere.
Similarly the particle on the ring can be expressed as a special case of the spherical problem with the condition
This restricts the solutions to those spherical harmonics which have l=m.
These are illustrated in Figure 4 .
The important corollary of this analysis is that when the spherical symmetry is reduced the resulting topologies have a more limited set of suitable spherical harmonic solutions. Therefore, both topologies provide the opportunity of using fewer valence electrons in metal-ligand bonding and localising electron pair holes in orbitals which are orthogonal to the occupied metal-ligand bonding molecular orbitals.
In hydrido-and -acid complexes which generally conform to the Noble Gas Rule the loss of a ligand creates an electron pair hole in what was initially a spherical electron distribution.
Given the usual ordering of valence orbitals nd> (n+1)s (n+1)p for transition metal atoms it is energetically favourable to localise that electron pair hole in the highest lying (n+1)p valence orbitals.
If a spherical ligand topology is retained in the 16 electron complex, MLN1, this cannot be achieved and the electron pair hole is localised in a metal d orbital. In contrast the adoption of either a toroidal or hemi-spherical co-ordination topology affords the possibility of localising the electron pair hole in an orbital which has either pure p orbital character (toroidal) or a high proportion of p orbital character (hemi-spherical). In the 16 electron d1° and d8 complexes ML3 and ML4 a toroidal geometry utilises the Y0 (S) and Y and Y (P and P ) particle on a ring solutions illustrated in Figure 2 to form met1aI liganbons and lcalises the electron pair hole in the atomic p orbital of the central metal, which is orthogonal to the co-ordination plane. For d10 ML9, 14 electron complexes this principle can be extended to create a pair of electron pair 'holes in tw p orbitals orthogonal to the metal-ligand direction. However, this is not feasible for d comples because it is not possible to arrange the three ligands along a line. In these circumstances the ML3 fragment is isolobal with NH. the linear combinations of gold 6s orbitals of the peripheral atoms can be derived1' in exactly the same way as that developed above for co-ordination compounds. The larger 6s-6s overlap integrals between adjacent gold atoms leads to a larger spread in the energies of the L linear combinations. Indeed in spherical clusters only the S and P functions are suffi9iently bonding for electron occupation. These S and P linear combinations overlap strongly with the 6s and 6p orbitals of the central gold atom giving rise to a set of four stable bonding molecular orbitals. The 5d orbitals of the central atom interact only weakly with the higher lying D linear combinations of surface atoms, but their core like nature insures that they are fully occupied. Therefore, spherical gold clusters of this type are characterised by a total of 12m + 18 valence electrons, i.e. an effective Noble Gas configuration is attained about the central atom. Although both co-ordination compounds and these gold cluster compounds achieve a Noble gas configuration the manner in which it is achieved is quite different. Figure 5 illustrates this important distinction and emphasises the observation that although high co-ordination number complexes generate D functions which contribute to the Noble Gas configuration in the cluster compounds the central metal atom d functions are always occupied and the D functions of the peripheral gold atoms are antibonding by virtue of their out-of-phase metal-metal interactions.
The analogy between co-ordination and cluster compounds can be taken further to analyse the bonding in a second class of gold cluster compounds, which have a total of 12m + 16 valence electrons. These clusters which are illustrated in Figure 6 have toroidal geometries, with the electron pair hole localised in a p orbital orthogonal to the 
SUMMARY
The stereochemistries of co-ordination and cluster compounds can be understood in terms of free electron models which are based on the solutions to the particle on the sphere, the hemisphere and the ring. The Complementary Spherical Electron Density Model provides a powerful and flexible scheme for summarising these fundamental quantum mechanical relationships.
